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Mycobacterium ulcerans causes Buruli ulcer disease (BUD), an ulcerative skin disease emerging mainly in
West Africa. Laboratory confirmation of BUD is complicated as no “gold standard” for diagnosis exists. A
nested primer PCR based on IS2404 has shown promise as a diagnostic assay. We evaluated the IS2404-based
PCR to detect M. ulcerans DNA in tissue specimens from 143 BUD patients diagnosed according to the World
Health Organization BUD clinical case definition in Ghana. Comparisons were made with culture and
histopathology results. Variables influencing detection rate tested in this PCR protocol included the amount
of tissue used and the stage of disease. The nested PCR was repeated on DNA extracted from a different part
of the same biopsy specimen of 21 culture-positive samples. Of all 143 specimens, 107 (74.8%; 95% confidence
interval, 68 to 82%) showed the presence of M. ulcerans DNA by PCR. Of the 78 histology-confirmed BUD
patient samples, 64 (83%) were PCR positive. Detection rates were influenced neither by the amount of tissue
processed for PCR nor by the stage of disease (preulcerative or ulcerative). Taken together, the two nested PCR
tests on the subset of 21 culture-positive samples were able to detect M. ulcerans DNA in all 21 culture-
confirmed patients. For future studies, small tissue samples, e.g., punch biopsy samples, might be sufficient for
case confirmation.

Mycobacterium ulcerans causes Buruli ulcer disease (BUD),
which is a devastating disease characterized by necrotizing,
ulcerative lesions of subcutaneous fat and the overlying skin.
Ulceration, with typically undermined edges, is preceded by a
preulcerative stage. The preulcerative stage is characterized by
a firm nontender nodule, edema, or plaque, with large areas of
indurated skin (18). In recent years, the condition has emerged
in several West African countries (1, 18). The diagnosis of
BUD is usually made on the basis of clinical presentation
alone. Laboratory confirmation is difficult. Swabs of lesions
often do not show acid-fast bacilli (AFB) by microscopic ex-
amination, and histopathology, although a robust confirmatory
test, has a low detection rate for AFB. Culture of M. ulcerans
is difficult, since it is a notoriously slow-growing mycobacte-
rium and culture media are frequently contaminated by fungi
and bacteria due to the extra time required for incubation to
observe mycobacterial colonies. A more sensitive and specific
diagnostic assay is urgently needed.

PCR methods that have been developed are based on the
16S rRNA gene (11), the hsp65 gene (12), or the insertion
sequence IS2404 (14). In 1999, Guimaraes-Peres et al. (8)

evaluated two nested PCRs: the nested IS2404-based PCR and
the nested 16S rRNA gene-based PCR. IS2404-based PCR was
positive only with M. ulcerans isolates and the closely related
M. shinshuense. The 16S rRNA gene-based PCR was positive
not only for these two strains but also for M. marinum. These
authors studied 65 clinical specimens from 26 patients with
histologically confirmed BUD by using 1 g of tissue. The two
PCR methods showed similar detection rates, with 22 out of 26
patients confirmed for M. ulcerans. However, the use of
IS2404-based PCR as a detection method for M. ulcerans
showed better specificity, required less time, and was less costly
than the 16S rRNA gene-based PCR (8).

In the autumn of 2000, a case-control study of BUD in
Ghana was carried out by the Centers for Disease Control and
Prevention and the Emory University School of Medicine,
Atlanta, Ga.; the Ministries of Health, Accra, Ghana; and the
University Hospital Groningen, Groningen, The Netherlands.
Specimens obtained from clinically suspected BUD patients
were studied by PCR as described by Guimaraes-Peres et al.
(8); other case confirmation methods included culture, AFB in
smears of lesions, and histopathology. This is the first time that
this PCR method has been used in a large study population
with 0.1 g of tissue. In the study by Guimaraes-Peres et al., 1 g
of tissue fragments was used (8). We describe the use of the
nested IS2404-based PCR as a diagnostic tool in a set of 143
clinically diagnosed BUD patients and evaluated the effect of
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repeating the nested PCR on the detection rate in a subset of
tissues from patients who had culture-confirmed BUD. The
influence of the amount of tissue and the stage of BUD (preul-
cerative versus ulcerative) on the detection rate was also stud-
ied.

MATERIALS AND METHODS

Study population. From September to November 2000, a case-control study
was performed in three areas in Ghana where BUD is endemic. The aims of this
study were surveillance, serodiagnosis, and identification of modifiable risk fac-
tors and host factors for BUD. These results will be reported separately. We
enrolled 158 patients who met the World Health Organization clinical criteria for
BUD (4). Tissue specimens were collected from patients in order to confirm
diagnosis by culture of M. ulcerans, histopathology, and PCR for M. ulcerans
DNA. Culture and histopathology were performed by standard techniques al-
ready published (9). The results of the histopathologic features present in the
specimens from this study will be described in detail separately.

Of 158 BUD patients enrolled, 143 patients had tissue samples available for
PCR and culture, and 122 patients had adequate tissue for histopathology. By
culture, 56 patients were confirmed for BUD. Of these 56 positive cultures, 21
were performed at Emory University School of Medicine and were confirmed by
high-pressure liquid chromatography (HPLC) by the Centers for Disease Con-
trol and Prevention at the time of PCR analysis. In this subset of 21 patients, we
studied the value of a second PCR on a separate piece of tissue from the original
biopsy sample.

The study was approved by the medical ethics committees of participating
institutions.

Tissue collection and transport. Elliptical biopsy samples were obtained from
the margin of the active ulcer during routine surgical treatment of the patients.
In the case of nodules, elliptically shaped samples were cut out of the excised
nodule. Tissue specimens, ranging from 0.1 to 2 g, were immediately placed into
2-ml test tubes containing P5 transport medium, which is a modified Dubos
medium (Fisher Scientific, Suwanee, Ga.) supplemented with oleic acid-albumin-
dextrose-catalase (Remel, Lenexa, Kans.), PANTA (Becton Dickinson and Co.,
Franklin Lakes, N.J.) (15), and 0.5% agar (Fisher Scientific) (3). Tissue was
transported at 4°C and stored at �20°C until the start of the isolation procedure.

DNA isolation from tissue. The isolation procedure and the PCR method are
similar to the procedures used by Guimaraes-Peres et al. (8). Briefly, from each
tissue specimen, 0.1 g was sterilely separated. We used subcutaneous tissue
initially if this was available. The tissue was homogenized with a sterile piston in
500 �l of digestion buffer (30 mM Tris-HCl, 30 mM EDTA, 5% Tween 20, 0.5%
Triton X-100, 800 mM guanidine hydrochloride), followed by the addition of 20
�l of proteinase K (20-mg/ml stock solution). The solution was vortexed and
incubated with rotation for 30 min at 60°C. After incubation, each sample was
sonicated for 8 min in a water bath sonicator at room temperature. The tissue
homogenate was pelleted by centrifugation, supernatant was transferred to a
sterile tube, and 40 �l of diatomaceous earth (Bio-Rad, Hercules, Calif.) was
added. Each sample was incubated in a water bath for 1 h at 37°C. Following
incubation, the pellet was washed twice with 70% ethanol and once with acetone.
The pellet was dried at 60°C for 5 min and resuspended in 100 �l of sterile TE
buffer (10 mM Tris, 1 mM EDTA, pH 8.0). Finally each solution was incubated
for 20 min at 65°C and centrifuged at 2,000 � g, and the supernatant was
transferred to a sterile tube and used for PCR. Positive and negative controls
were included in each run. For each patient, a sample spiked with 5 ng of M.
ulcerans DNA was included (Fig. 1).

The selection of the part of tissue collected could have influenced PCR results,
since M. ulcerans affects the subcutaneous fat. In this study, we chose to test the
subcutaneous tissue, where we would expect the majority of AFB to be present,
in the first nested PCR. A second nested PCR was run on another part of 0.1 g
of the same tissue sample for the 21 culture-confirmed BUD patients. In the
second PCR we targeted the dermal tissue for inclusion. The dermal tissue from
13 specimens was used; however, only subcutaneous fat tissue was available in six
cases for the second nested PCR, and in two others only liquid remnant was
available for further testing (Table 1).

DNA amplification. Ten microliters of the sample acquired after the DNA
isolation procedure was amplified in a 50-�l reaction mixture containing 20 pmol
of each primer (MU1 and MU2), 1 U of Faststart Taq DNA polymerase (Roche,
Indianapolis, Ind.), 200 �M (each) deoxyribonucleotide triphosphate, 1.5 mM
MgCl2, and PCR buffer.

The primers used in this amplification were MU1 (5�-GGCAGGCTGCAGA
TGGCAT-3�) and MU2 (5�-GGCAGTTACTTCACTGCACA-3�) (14), directed

at the IS2404 sequence and producing a 549-bp fragment in the presence of M.
ulcerans genomic DNA.

The thermocycling profile was as follows: denaturation at 94°C for 5 min; 40
cycles of 94°C for 1 min, 66°C for 1 min, and 72°C for 1 min; and a final extension
at 72°C for 7 min. Throughout the cycling time, the heated lid function was used
at 108°C. Agarose gel electrophoresis was done to confirm the status of negative
and positive controls. If the controls for the first PCR were correct, the proce-
dure continued with the following step of the nested PCR. One microliter of
product from the first PCR was used in a 25-�l reaction mixture with primers
PGP3 (5�-GGCGCAGATCAACTTCGCGGT-3�) and PGP4 (5�-CTGCGTGG
TGCTTTACGCGC-3�) (8). These primers produce a 217-bp product. The buff-
ers and other reaction components were added at concentrations identical to
those in the first PCR step. The same thermocycling profile was used, except for
a change of the annealing temperature, from 66 to 64°C.

Agarose gel electrophoresis. Agarose gels (1.6%) in Tris-borate-EDTA buffer
were prepared with ethidium bromide. Fifteen microliters of each PCR mixture
was mixed with loading dye and added to the wells. The products from the first
PCR, with primers MU1 and MU2, were loaded in the top row of wells while the
products from the second PCR, with primers PGP3 and PGP4, were loaded in
the bottom row of wells. One lane of each row on the agarose gel included
molecular weight standards (MWmarker VIII; Roche). Gels were run at 90 V for
30 to 45 min. The DNA fragments were visualized with UV light and were
documented on film (Polaroid). The protocol was designed for a nested PCR,
and results were based on the presence of a 217-bp fragment resulting from the
second PCR round with the PGP3 and PGP4 primers.

Statistical analysis. The �2 test was used to compare detection rates for
preulcerative and ulcerative lesions. McNemar’s test was used to compare out-
comes of culture-confirmed cases in the first and second PCRs with a statistical
significance of � � 0.05.

RESULTS

Tissue was collected and evaluated by PCR for 143 biopsy
specimens of 143 clinically diagnosed BUD patients. By the

FIG. 1. Typical nested PCR amplification findings. Following the
first (top) and second (bottom) rounds of PCR amplification with
primer pairs MU1-MU2 and PGP3-PGP4, respectively, 15 �l of sam-
ple was applied to a 1.6% agarose gel for electrophoretic separation.
�, positive control; �, negative control after MU1-MU2 and PGP3-
PGP4. Lanes 1A and 1C, spiked samples of sample 1; 1B, sample 1
after MU1-MU2 stage; 1D, sample 1 after PGP3-PGP4 stage. Samples
2 to 5 are categorized in the same way. Lane M, DNA molecular size
markers. After PCR, sample 1 was negative, sample 2 was positive, 3
was negative, and samples 4 and 5 were positive.

VOL. 41, 2003 BURULI ULCER PCR 795



nested IS2404-based PCR protocol developed by Guimaraes-
Peres et al. (8), 107 tissues (74.8%, 95% confidence interval, 68
to 82%) showed the presence of M. ulcerans DNA. Of the 107
PCR-positive specimens, 6 were from patients with a his-
topathological diagnosis other than BUD: three filarial nod-
ules, one keratin cyst, one deep fungus (subcutaneous zygomy-
cosis), and one squamous cell carcinoma. Of the 78 histology-
confirmed BUD patients, 64 (83%) were PCR positive. Only
three patient specimens showed a negative result in the sample
spiked with M. ulcerans DNA. When repeated, these spiked
samples were positive. An example of a gel from the results is
shown in Fig. 1.

A second PCR was run on another part of 0.1 g of the same
tissue sample for 21 culture-confirmed BUD patients. Table 1
shows the PCR results with the original sample (first nested
PCR) and additional material (second nested PCR). In sum-
mary, M. ulcerans DNA was present in 17 (81%) of the 21
specimens in the first nested PCR. The second nested PCR
showed positive results in 19 (90%) of the 21 specimens, with
a positive nested PCR for the four cases that had been negative
in the first nested PCR. Two samples with a positive nested
PCR in the first PCR tested negative in the second. Detection
rates in the first PCR were not different from detection rates in
the second PCR (P � 0.69, McNemar’s test). The change of
tissue type (hypodermal-dermal or epidermal) in the second
nested PCR did not have an influence on the detection rate,
with 12 (86%) of the 14 dermal or epidermal specimens and 22
(85%) out of 26 hypodermal specimens testing positive. When
the first and the second nested PCR results are taken together,
100% of the culture-confirmed patients studied were positive.

There was no difference in rates of PCR positivity between
preulcerative (nodule, plaque, or edema) and ulcerative le-
sions (P � 0.459, �2 test). Of the 30 nodules tested, 24 (80%)

tested positive by PCR. Only one of the six tissue samples
(17%) from plaques or edemas tested positive by nested PCR.
Three of the tissues from plaques or edemas that tested neg-
ative by PCR were confirmed for BUD by both culture and
histopathology. Of the 103 ulcers, 78 (76%) tested positive by
PCR. For four tissue samples from patients with multiple le-
sions, it was unclear from which lesion the tissue was obtained.

DISCUSSION

In a study performed in the autumn of 2000, tissues from 143
clinically diagnosed BUD patients were tested by the IS2404-
based protocol. Of these tissues, 74.8% tested positive by PCR.
High specificity and sensitivity with low detection limits are
known benefits of the IS2404-based PCR (8, 13, 14, 17). The
main differences between the study of Guimaraes-Peres et al.
(8) and the present study are the high number of study partic-
ipants, the inclusion of different disease stages, and the quan-
tity of tissue used. Only 0.1 g of tissue was acquired from tissue
excised during surgery, with a diagnostic yield similar to the
specimen size of 1.0 g. We therefore speculate that similar
small amounts of tissue may suffice in future studies. Such
tissue samples might be obtained by simple punch biopsy.
Punch biopsy samples have proven to be sufficient for diagnosis
of other mycobacterial infections. For the diagnosis of M. lep-
rae infections, PCR can be performed on sections of 5 �m of
frozen or paraffin-embedded punch skin biopsy samples (6).
For the identification of mycobacterial DNA in cutaneous le-
sions of sarcoidosis, 15 to 20 sections of 5 �m of punch biopsy
samples have been used (10). Punch biopsies can be used for
diagnosis of cutaneous tuberculosis with PCR dot blotting
since both culture and histopathological examination are dif-
ficult due to the paucity of organisms (2).

TABLE 1. Nested IS2404-based PCR results of the first and second PCRs for 21 culture- and HPLC-confirmed cases of BUD

Patient Lesion
First PCR Second PCR

Part of tissue Result Part of tissue Result

1 Nodule/ulcera Epi-/hypodermalb � (Epi)dermalc �
2 Nodulea/ulcer Hypodermal � Hypodermal �
3 Edema/ulcera Hypodermal � (Epi)dermal �
4 Ulcer (Epi)dermal � (Epi)dermal �
5 Plaque Hypodermal � (Epi)dermal �
6 Nodulea/ulcer Hypodermal � (Epi)dermal �
7 Nodule Hypodermal � (Epi)dermal �
8 Plaque Hypodermal � necrotic � (Epi)dermal �
9 Ulcer Hypodermal � Hypodermal �
10 Nodulea/edema/ulcer Hypodermal � necrotic � Hypodermal �
11 Ulcer Hypodermal � (Epi)dermal �
12 Ulcer Hypodermal � (Epi)dermal �
13 Nodules Hypodermal � Hypodermal �
14 Ulcer Epi-/hypodermal � (Epi)dermal �
15 Nodule Hypodermal � Hypodermal �
16 Ulcera/scar Hypodermal � (Epi)dermal �
17 Ulcer Epi-/hypodermal � (Epi)dermal �
18 Ulcer Hypodermal � (Epi)dermal �
19 Nodule/ulcera Hypodermal � Fluid in tube �
20 Nodule Hypodermal � Fluid in tube �
21 Nodule Hypodermal � Hypodermal �

a Tissue used for PCR.
b Epidermal or hypodermal.
c Epidermal or dermal.
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The study by Guimaraes-Peres et al. (8) demonstrated PCR
positivity in 55 of 65 (85%) specimens of 26 histologically
confirmed patients. We found a similar detection rate in our
study, with 64 of the 78 (82%) patients who were confirmed by
histopathology also testing positive by PCR. As shown, the
reduction in quantity of tissue processed for PCR did not
influence the detection rates. In this study, 21 (15%) of 143
patients did not have subcutaneous tissue, and thus the spec-
imens were considered inadequate for histopathologic evalua-
tion. However, there was sufficient tissue for PCR evaluation
of the 143 specimens received. M. ulcerans DNA was detected
at similar rates in preulcerative and ulcerative tissues.

Of the PCR-positive specimens, six were obtained from pa-
tients with other diseases according to the histopathology, one
of which was squamous cell carcinoma. Such tumors can de-
velop in a long-standing BUD ulcer (7); either the PCR test
result for this patient might be considered a false positive or
possibly M. ulcerans DNA persisted in the lesion. Likewise, it
cannot be ruled out that M. ulcerans DNA was truly present in
the five other patients diagnosed with conditions other than
BUD.

For a subset of 21 tissues of culture-positive patients, a
second nested PCR was performed on a separate piece of
tissue from the original biopsy sample. The results of the PCR
were independent of the tissue selected. For these 21 culture-
and HPLC-confirmed samples, PCR results were expected to
be positive. In both the first and the second nested PCR,
several samples tested negative. A false-negative PCR may be
caused by the time between collection and testing of the spec-
imen, the absence of bacilli in the specimen tested, or technical
limitations (5, 6, 10, 19). Taken together, the first and second
nested PCRs detected 100% of samples from the 21 culture-
confirmed patients. A second nested PCR on a separate piece
of tissue from the original biopsy sample was found to increase
the diagnostic capability. Therefore, tissue samples of 0.1 g
seem to be sufficient for PCR evaluation. Future studies are
needed to explore the influence of the sampling site on the
detection rate as well as the utility of PCR in identifying op-
timal resection margins in the surgical management of patients
suffering from Buruli ulcer.
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